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1 image-impedance functions, but with a great variety of image- 


tenuation functions. Thus a filter may be easily and quickly synthe- 


Sized to meet almost any pass-band and ston-band insertion-less require- 
ments by the proper choice of filter sections. The image-impedance 
fenction of the filter sections varies with frequency, and is in general 
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The image-parameter method may be applied readily to any type of 
filter, whether low-pass, high-pass, band-pass, or band-step. It is 
equally rigorous for lumped-constant and distributed-constant elements. 
A filter efully designed by the image-parameter method wil! provide a 


re 4 - 
near the best that is possible in any physically realizable friter having 


2. SYNTHESIS FOR PRESCRIBED INSERTION Loss 


. 


e-nparameter method has the shortcoming (although usually not 
a sericus one) of approximating the desired insertion-loss function, rather 


exactly Other methods have been developed for oe 


d physically realizable filter networks. 
The curves shown in Fig. {-2 are typical of the desirable types of 


insertion-loss functions that satisfy this condition. The function at 
ie 


the top ef the figure is known as the maximally flat (or Bntterworth) 
response Tt 1s characterized by an exceedingly low, nonfluctuating 
ansertion less in the pass band, increasing monotonically in the stop 
band. The abruptness of the change from very Vow to very high loss in- 
creases with the number of elements in the filter. A general fermula for 


the element values of a lumped-constant ladder network to produce a low- 
pass response of this type was derived by Bennett, and may be applied by 
means of straightforward frequency-variable transformatious to high-pass, 


band-pass, and band-reiection filters. 
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maxima in the pass band and equal minima in the stop band., The f 
structure and its stoo-band response are similar te what may 
e-parameter.M-derived design, but the equal ripple pass- 
sometimes (although not always) lead to a semewhat more 
filter. However, any such economy will be obtained only with 
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synthesis for this type of response alse wa € by Darlington. In 
fact, Darlington’s method is su’ficiently general to permit the synthesis. 
operaticn for any response function capable xy to a lumped-constant 


network consisting of nondissipative elements. 


The synthesis of distributed-constant filters for prescribed insertion 
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For bandwidths greater than about 10%-207:, the approximations in the 

=. eguivalent-circuit synthesis techniques are excessive, and a different 

method of synthesizing distributed-element filters is necessary. The new 

we described in this repert 2s a rigorous method that 

provides an exact transmission-line network for a given insertion-loss 
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CHAPTER 2 


DESIGN OF DIRECT-COUPLED-RESGN. 
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F. DETERMINATION OF CHARACTERISTIC ITMPE 
TRANSMISSION LINES FROM FILTER INVUT 
admittance of the fil- 

ter transmission lines is straighticrsard. In the case of low-pass fil- 


ters it can be seen by referring to the examples in Sec LaCie let hnatetne 
£ : 


characteristic admittance Y,,_., of the first shunt stub of the filter 
is equal to the ratie of the coefficients of the highest power of p in 
See s fc ees Thars ine con edie ky i‘ 
the numerator ana aencuinator. Therefore one can immediatezy remove tne 
- . - 7* > . . 
first stub and write the input admittance Y of the filter with the first 
shunt stub remeved as 
= 
, Vv Fy. 
= cael - 
if ee to Se Ae oe S - (03 17) 
The characteristic admittance Y_..., of the first series line of this 
sec 


- S(coefficients of even powers of p in numerator eee SY) 
peeriee *% (ce i renents. of cdd powers of p in denominator ot ie) 
(2218) 
or 
; S(coefficients of odd powers of p in numerator of F*). 
series § Sfeoefficients of even powers of p in denominator of Y* 


which is easily verified from the examples 1: 
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The load admittance Y, at the end of the series line can be found 
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by solving Eq.(3-64) ferY,. One finds that 
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Here the characteristic admittance is defined a= lead resistance divided by transmission-line 
characteristic ispedance. Ali the other admittences ia the remainder of this report are 
likewise normatized in this same fashion. 
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¥, as determined from Eq. (3-20) will always have a common factor 


2 - 1 in numerator and denominator which must he factored out, as 
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the transmission lines in the band- 
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or (3-21) 
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Now One can select a value of Y,, remove the first shunt stub from the 
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filter, and check to see whether the input admittance Y¥* is positive and 
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FILTER INPUT ADMITTANCE 


The input admittance Y* of a leneth of transmission line of electri- 
eal length OG and characteristic admittance 1, 
tance Y, can be written in terms of the normalized frcquency variable 
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A. ANALYSIS OF PARALLEL COUPLED TRANSMISSION-LINE FILTERS- 


1. GENERAL 
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shields. The problem of d 

; : : : : 
parailel wires has been studied extensively in order to determine methods 


of reducing the cross-talk among telephone circuits.” A 
one of the earliest papers showing that this natural coupling can ke used 


to construct filters, impedance transfermers, and the like, frem open-wire 


transmission lines. He describes applications where this technique wes 
used to match open two-conductor feeder lines for low-frequency broadcast 
antennas Karakash and Mode* have described band-pass fiiters operating 


at center frequencies of 1000 and Z6C@ Mc which are composed of two patai- 
lel wires surrounded by a coaxial shield. Rell 5 ha t 

four-scction band-pass filter utilizing four unshielded parallel wires in 
each section for operation fro 


6 
coupling can alsa he uced to 


2 (eee Pen Rsens Guacc i ae Melt apo ese 6 Leer ee 
in particular, these fiiters will be physically smaller and easier to 


construct than conventional strip-line filters, and it will be relatively 
easy to compute their behavior with high precision. The following secti 
contains an anaiysis of the equivalent-circuit behavior of coupled 
wire transmission-line filters that js applicable to all physical c 


rations of cou 
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led transmission lines. 


2. CoupLED TRANSMISSIGN-LINE IMPEDANCE AND ADMITTANCE MATRICES 


The behavior of coupied transmission lines can be most easily com- 
Pp y 
puted from the impedance matrix derived hy Bolljahn.° Hig derivation will 
be repeated here—both for completeness and because it is not readily 


available. 


* 
The meteriaiin sections A to E hau been publisaed by £. ¥.T. Jones, J. T. Bolljabr “Ccupled- 
Strip-Traasmissiou-Line Filters and Directione! Couplers” I.R.E. Transactions on Microwave 
huiques Vol. MTT-4, No. 2, pp 75-81, aprii i356. 
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the shielded coupled transmission lines 


Papacg=t 
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transmission lines are supported midway between the two 


ground planes and are driven by a set of five constant-current generators 
at each end. The four current generators 1,/2:energize the even or un- 
balanced mode on the structure producing voltages on the two cenducters 
ef the form 
x COS RCL ee ; 
vee icy Peake O42)! “= 74 st, | {4-]) 
i i Sie 
oJ 
Where 
oe= characteristic impedance of one wire to ground 
with cgual currents in the same direction 


Likewise, 


the current generators the two.conductors 


cos kz 
v (zd = ov, (2) = IZ i, —— (4-2) 
aed b; oe 3 sin kl 
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The pass-band VSWR curves for six-rescaatoui maximally flat filters of 
various bandwidths are shown in Fig. 4-9. The relative bandwidth is de- 


fined to be 


ie ee =15) 
; (4-15) 
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eurve.*.The re ruly maximally fla r relative band- 
ra) 


sponse is seen to be t o 
widths up to 0.1, while at 0.2 the deviation fy flat as siiene. 
i a 


A 
; however, the deviation wou be serious in the more critical ap- 


plications The corresponding curves are shown in Fig. 4-10 for six- 
resonator filters designed to have an equal-ripple VS¥K of 1.10 in the 

pass band In this case, f, and f, are ihe pass-band limits for the equal- 
pa rykes oa t > L7OWUsm Bes 7 4 rt 7 ° z 

rippile-ievel VSWR of 1.1 The desired response is obtained very accurately 
for relative bandwidths up to 0.95, and deteriorates gradually as the band- 


width is increased further. However, 


The insertion-loss curves for the above cases e plotted against a 
normalized frequency scale in Figs. 4-ii and 4-i2. Because the response 
is symmetrical with frequency, ently half af each pass-band is shown. In 
both f fieu res, the insertion less is virtually identical te that of the 


. 
width for the cases considered above It is seen that the discrepancy does 
not exceed 2 percent for relative bandwidths up to 0.1, and is only about. 
6 percent at 0.2.. The actual bandwidth ci the filter appears to be always 
less than the value assumed in the design, and therefore, in the case of 
the wider bandwidths, it would be desirable in calculating the parameters 
of a given filter to use a somewhat larger bandwidth than is actually re- 
quired. Figure 4-13 may be used as an approximate guide in selecting the 


bandwidth design value. 
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On the basis of the exact ¥SWRand insertion loss curves of Figs. 4-9 
co 4-12, it may be concluded that a high degree of accuracy 1s obtained 
for relative bandwidths up to about 0.2 for maximally flat response, and 
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pomavout 0. al-ripple response. For noncritical applications, 


equ 
bandwidths up to 0.3 for maximally flat response and 0.5 for equal ripple 


response would be permissible. The bandwidth error, which may be important 
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abeve 0.1 in many cases, can be comp the aid of che in- 
¢ Pate : mE: 2B OeT <5 TT Shey Cols Tenet amy ngs OMe gee er 
2UGHWaALAON 1 Fig. 4-19. lowever nove that tCnese Con- 


clusions are drawn from the specific cases considered, and may vary some- 


what with other numbers of resonators or with other equal-ripple levels. 
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BANDWIDTH ERROR VS. RELATIVE BANDWIDTH FOR SIX-RESONATCR PARALLEL-COUPLED FILTER 
4. DERIVATION OF DESIGN FoRMULAS 
The analysis of the narallel-coupled-resenator filter is based upon 
the characteristics of the individual section of Fig. 4-14(c). The image 
3 A ; qe B iin ‘ : : : 
impedance Z, and image phase shiit £ of this section are given in Fig. 4-2 
as foliows:* 
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where ¢ is the electrical length of the coupled transmission lines and 
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Z,- and Z| are the characteristic impedances of each conductor with re- 
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Spect to ground for the even and odd modes, resnectively. 
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FIG, 4-14 : 
DEVELOPMENT OF EQUIVALENT CIRCUIT OF THE PARALLEL-COUPLED-RESONATOR FILTER 
it will now be shown that the filter section of Fig. 4-14(5) is ap- 

;. proximately equivalent to that of Fig. 4-14(a). The box represents an 
ideal impedance inverter having a constant image impedance, K, end a phase 
shift of -90° at all frequencies. The image impedance, Z,, and image phase 
shift. 8, of the section will Le derived by ietrix multiplication. = 3% 
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as follows: 
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Therefore, the ABCD matrix cf the complete filter section of Fig. 4-14{6) 
is 
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The image parameters are related to the matrix elementsebyo7 7a) 07 C and 
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A comparison hetween Eqs. (4-16) and (4-18), and between Eqs (4-17) and 
. - chee : - 
4-19), shows that the sections of Fig. 4-14(a) and (6) would be electri 


cally equivalent if the feliowing conditions were met: 
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f-equency-independent equality impossible. However, sin gp is stationary 
in the vicinity of ¢ = 90°, and hence may be replaced by unity with neg- 
ligible error over a maderate bandwidth. Thus, 
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—— ba (4-23) 
Hd, K “4 ~ Z 
0 oe Ce) 
9 
2h, 
a ee ee (4-24) 


iH 


and since the three do not form a consistent set, a judicious choice must 
be made among them. Examination of Eqs. (4-16) to (i219) indicates: tates 
the third relation is she least important of the three {herefore Eqs. (4-23) 
- at - - - ee 
and (4-24) are solved simuitaneousiy to yleiu. 
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: . It may now be noted that, for narrow bandwidth, Z,/K << 1 and, therefore, 
: Eq. (4-25) is satisfied approximately by Eqs. (4-26).and (4-27). Thu 

the chticect of the approkimevrers -avelved in relating the sections of 

' Fig. 4-14(a) and (b) is negligible for narrow bandwidth, but increases in 
4 importance as the bandwidth is increased. 
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: When the individual sections of the filter are assembled, it is seen 
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that the original paraliel-coupled-resonator filter of Figy 4-510) of (c} 
; is approximately equ*valent to fis carbues of Pig. 4-l41e), in whaicn 
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transmission lines approximately A,/2 long are separated by inverters. A 


lumped-constant equivalent of a line of fength @ is shown in Fig. 4-14(d). 
This exact equivalent: circuit is particularly convenient for @ near 

50 degrees In Fig. 4-l14(e) the equivaient circuit has been simplified 
by omitting the phase-reversing tcansformer which hes no effect on the 
insertion-lsss respense. Also the series reactances of Fig. 4-14(f) are 
smaii near 6 = 180°, and are pe ee in comparison with the high char 
acteristic impedances of the inver ing elements. Thus the circuit of 


u 
Fig. 4-14(f) 1s approximately See er to that of Fig. 4-14(c), and 


hence to the original paraliel-ceupied-resonator filter. 
The analysis will be shortened at this point by comparing the filter 
circuit of Fig. 4-14(f) with that shown in Fig. 2-ii(c). They are seen 


to.be the same excent that the former contains parelleY-resonant arms 
Ss series-resonant aris. Hence the circyvits ure 


and the formulas obtained for the latter may be used in the present 


analysis.if Kis replaced by 1/K, Z, by 1/Z,, and if L and C are inter- 
changed. Thus, 
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The formulas in Fig. 4-6 f[oliow directiy from Eqs. (4-26} through (4-29). 
G -XPERIMENTAL PARALLEL-COUPLED STRIP-TRANSMISSTION LINE 


Two experimental paraliel.coupled strip-transmission-line band-pass 


filters have been designed by means of the formulas presentcd here. The 
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Figure 4-15 is.a ree es showing the internal construction of the 
wide band strip-line band-pasé filter together with the strip-line te 
ceaxial-line transition. The filter is seen to consist of four identical 


image impedance of this filter is at a maximum at the center 
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FIG. 4-16 
Qe A PADALLEL-COUPLED STRIP-LINE BANOD-PASS FILTER 
Ta enter conductors of the filter were cut with a knife and 


e a 
Pane thick sheet of copper fuil that had 
previously been glued to a 0. inch thick sheet of polystyrene. The f 
ter wes assembled for test by: paid another ©.25-inch thick sheet of 
polystyrene on top oi the center conductors, as shown in fie: 4-19, and 


sandwiching this assembiy between perallel ground planes. 


toss of this filter is shown in Fig. 4-17 
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band-pass ris shown in Fig. 4-18. The two ground planes were a 

9.5 inch apart hy a polystyrene dielectric. The strips are of conser foil, 

7.9017 inch thick. The filter was designed for 10-percent bandwidth, cen- . 
Pepe 2200 Me and an equa! rissle pass-band YS¥R of 3.16. The exact 

theoretical response of the actual transmission-line filter network was “p 


previously caiculated by an electronic computer. 
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as shown in Fig. 4-23. The amount of line removed should be such that 
the end capacitance would be the same as that of the original line if 
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nd-fringi sen Thus, it i 5 that 
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where C) is the capacitance per unit length of au infinite line of the 
same cross section, and C, is the fringing capacitance from the end to 
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across the width of the strip. Then ©, PPG u-25 
may be expressed accurately by COMPENSATION OF 
OPEN-CIRCUITED 
é ol Sa STK!IP END 
Afwa ; \ 
Ca. = oC, dat 22 rd. (4-31) 
b- t f fs 
peemeetar.).225¢ Upufeper anch, © 1s Dheereiceive, cle ee ric constant. 
oF ic the fringing capacitance per unit icngth from each edge to ground 
in th j 4 


the case of an isolated strip,’ and Cis is the same quantity when a 
parallel strip is present at a separation s. These definitions should be 
clear from an inspection of Fig. 4-24. In addition to these distributed 
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fringing capacitances, the lumped capacitances C, and Cre are required at 


114 


ak 


Ceereaenres aries 


2 BR, CO wens ep yorcee peewee @ 


ee eel 


Bs 


ee 


the corners cf the open-circuited end of the strip. Thus Cy may be ex- 
pressed by 
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When (4-31) and (4-32). are substituted in €4-39), the 


formula for d is obtained; 
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For the special case ain Hil See c,/é = 0.441 and 


a Ose Chews 
| i++ | 
d aoe 0.441ex | (4-34) 
b Ps | 
0.2205 + — | 
2€ 


A graph of 7) as a function or t/outs available.® Values of Pe 
may be obtained wasily -, berms OL ENG even- aad odd-mode fringing 
capacitances Cre and Cro if it is assumed that tne adjacent strip zSnat 
ground potential. This is a very good assumption when the adjacent strip 
prtehe central secion,of, @ heli-weve resonator, as is truce everyvebere in 


xcept at the terminals. Even there, however, the adjacent 


the filter e 
strip (the termineting lines) would be expected to be much nearer to 
ground potential than the open-circuited resonator ends. Subject to these 
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assumptions, it may be shown that 


= - -_7 = +? - ® 

eee PP ERRONC eS As, UAC Agr as functions cf s/b are available graphi- 
4 

cally for zere-thickness strips.® In the same reference formulas are 


given for Cc. and Ca as functions of t/b and s/b* 


Theoretical formulas for Cy and Cy 


; would be very difficult to 
erive, but an experimental value of C, may be computed from the Airborne 


ry’'s graphs of the equivalent-circuit capacitances of 


: t 
Cc’. = 0.0106« be us; fargy se =O, 04 (4-36) 
f a a a 
where 6. is the plate spacing in izehes. It wiil now be assumed that 
Ea p p . 
cy varies with ¢t/6 in the same manner as Ci. Therefore 


: t 
C=) OF U09S ES" OY at fore ee : (4-37) 
; o 


Because the process of deducing C). from the Airborne Instruments 
Laboratory’s experimental graphs involves smaii differences between 
large numbers, these values of C. should be regarded as very approximate. 
Values of C. wiil be obtained by assuming 

J 


‘ 
~*~ 
‘a 

C 
oy 
D) 
: 


The end corrections for the experimental parallel-coupled- 
r were computed from Eq. (4-34) with the aid of Faqs. (4-35}, 


e 
(4-37) and (4-38). In view of the many assum involved in these 


i) 
cr 
pee 
(@) 
w 


formulas, the close agreement obtained between the measured and design 


: : f 
valucs of center frequency is considered to be gocd. Of the various 
assumptions, the validity of Faq. (4-37) is the most questionable, and 


ct 


erefore a careful experimental determinaticn of C 


pred 
i a 
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DIRECTIGNAL CHANNEL-SEPARATION FILTERS 


“One of the most common uses of microwave filters is in multiplexing 
(separating or combining) signals of different frequencies. For example, 
Ll. imicrowave Cammiricetion systems 3 large aumher af freaqueney channels 
are usually combined by filter networks and radiated in a wide bandwidth 
from a single antenna. At the re- ; : 
ceiving point of the system, this apm — ae ARMS 
total spectrum enters the receiving a | 

: F>.8. FIER 
antenna and is then divided by fil- ARM t- 
ters into its constituent channels. (a) 


. ~ ‘A oe lon My . 
Other applicaticns fortstch filters 


systems, and in equipment installa- 
tions where a single.antenna must be 1-2 
. e 
red by ra! ] oni 2S. = | 
shared by several electronic devices INSERTION || s 


: : ee 1-4 
One type of multiplexing filter that LOSS 
has had considerable use in micro- 


wave communications consists cf two 

hybrid junctions and two band- (bd) 
ee the ; wiih ees 

rejecticn filters suitably connected 


Z a : ey 
in a waveguide circuit.” Another 


J 1 rn aa ee 7 Lie he: Je are a) 
axlai resonant Cavitltites Coupicu Lon 
2 


gether in an intricate manner.* These INSERTION 
Loss 

tivo types of filters aré character- 
ized by the foliowing basic proper- {-2 - 
ties, which are illustrated in : 
Fig. lic Ne ee they each four B-:35!-2¢-5? 
arms (t.e., four terminal pairs) one FIG, 5-1 
of which is always isolated from the 

(2) the input signal power 


Two publications have been sade based on the material in this: chapter. They «re (i} F. 3. Coaie 
“A Traveling Wave Directional Filter” TRE Transactions on Microwave Theory and Techniques Vol.MTT-4 
n 256-960 (Net 1986 (2) S. B. Cohn snd F. §. Cosle “Directional Channe) Separation Filters” 


a 


Proc. IRE Yol. 44 pp. 1018-1624 (August 1956}. 
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emerges from.one arm with the frequency response of a band-pass filter, 
i 
s 


a kas : } tare 
while the remaining power emerges fyem another arm witn tne compiementary : 
e . - : « =) ae ao ¥ 
response of a band-rejection filter; (3) the input arm 1s nonreflecting 


5) 
when the other arms are connected to their characteristic 
hence the filter is a censtant-resistance-type network; (4; 
f di etl nal eanunlter tt S prove ani i 
of a directional coupler, these properties apply n 
four arms is used as the input arm. As suggested by these properties, the 
name ‘directional filter” will be applied to the twe filters described 


above, and,to all other filters oi this cians. 
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INPUTS. 
(UN NEE ol cara UR a is ee: ‘ 
WiViimuws 
£ pea. 
{ Qa, fo fe fa, a) 
a-iSti-35-238 
FIGES 2 
EXANPLE OF DIRECTIONAL-FILTER 
APPLICATION TO CHANNEL SEPARATION 
Figure 5-2 gives an example of the use of directional filters for > 
separating signals of different frequencies. in the case of Filters a, 
b. and d the isolated arm is net used. flowever, in the case of Filter ¢ 
h tequencies f and f, te appear at a common arm. 
¢c 
faitcr ise reciprocal device, Fig.25<2) ney aise 


d 
frequency-combination network, if all the arrows 
ther interconnections of directional filters are 


4a wt tress Be = 
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B. NOVEL DIRECTIONAL-FILTER CIRCUITS A 
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phase relationships shows that a wave entering Arm 1 will couple to Arm 4. 
An anal operties of a directional fiiter are ob- 


ysis proving that all p 
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tained with these circuits wi 
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response measured for an experimental model? of 


) is shown in Fig. 5-5. The excellent results 


verify the per 
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center an the rectangular- 


wavezuide broad wail in 

such a way that a wave entering Arm 1 of the rectangular waveguide will 

excite a circularly polarized resonance in the cylindrical cavity. This 

will then couple directionally to Arm 4 of the second rectangular wave- 
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guide. Because of the use oi circuias polarization, tne two rectanguiar 


waveguides may be at any angle to each other. In cases where greater 


selectivity is desired, several cavities may be coupled in cascade, as in 
Fig. 5-6(b). Experimental insertion-loss and VSWR curves are shown in 
Fio. 4-7 for a modei of the filter of Fig. 5-6(a), and again demonstrate 
Pega o-! faz adel of fa), 
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he transmission-line filters of Fig. 5-3(c), (d) 


A few lumped-constant versions of directional filters are 
ieee -Ge Those of Fig. 5-8(2) end, ( 
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transmission-!ine and waveguide filters in that a pair of resonant cir- 


cults are separated by lumped-constant equivalents of quarter-wavelength 
¢ * + ie - ; - + 
(9U-degree) lines. The necessary polarity relationship is here achieved 
by designing one phase-shift network to have +60 degrees and tha ather 


Two other types of lumped-constant directional filters are shown in 
Fig. 5-S(c) and (d}. In these the directional-filter properties are 
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Most of the directionai-filter types described above utiiize a pair 
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of a directional filter. The discussion in the next«sections will make -this 


clear in the case of the traveling-wave-loop filter. 
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LUMPED-CONSTANT DIRECTIGNAL FILTER CIRCUITS 
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C. ANALYSIS AND PER eee teas OF TRAVELING -¥AYE-LOOP 


DIRECTIONAL FILTE 
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coupiers anda the length and attenuation of Lhe ioop transmission line. An 


analysis of the tuning procedures necessary to achieve this traveling way 


it is assumed in this anaiysis that: (1) al! transmission lines have 
the same characteristic impedance, (2) all directional couplers are per- 


fect!ly matched and have in 

tion exist in the loop and therefore a pure traveling wave exists. The 

expressions for loaded Q and insertion loss are derived for the TEM- 

and the expression for loaded Y must be modified 
Lh 
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s shown later to be applicable to the waveguide-loop case. A schematic 
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Letting n> 


and summing this exsression in closed form, 


we obtain 


pita ; (5-7) 
Re 
al aes 
i 
Bee oto for perfece. rejection between Arms. ane 2 wey Le eb- 
tained by setting FE, = 6, which yields . 
e2al Ine eS 
es (5-8) 
3 az 
i aes, 
1 
For perfect rejecticn Faq. (5-8) requires Cree Case 2 Cs SWithis a= 80s 
the case of a line coupled to a loop is obtained. The condition 
for maximum output froin E, for a given bandwidth can be shown to be 
yee >  C- thus, when attenuation of the loop is ‘considered, the con- 
itions are different for. chtaining FEF, =9 and a = maximum. 
S Zz 
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nant orthogonal medes correspond- 


pure electric and pure 


magnetic coupling from the strip 


G to the loop. The discussion will 
EVEN-MODE ELECTRIC FIELD DISTRIBUTION now be confined to shielided-strip- 
line directional couplers a e- 
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Institute under another project. 
j (The principle applies equally 
well for all directional couplers.) 
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greund. The odd mute corresnends te electric coupling between the 


strips, and the even mode to magnetic coupling. Because of the differences 


in impedance of the resonant loop, we may treat it as a length of non-uniform 
line shown in Fig. 5-1 


baz 


= 


A-\33i-27 


Za 


a. 
| 


Zce 


Fe teas ees oe 


differ from that of 


yj 


WwW. 


i 


is) 


f two orthogon 


y ( nondirectionaliy ) te the loop in the fora 


ming a s 


1%; 


1 


he loop fo 


au Ae 


ac Ene -center 


in Opposite directions 


g 
oS 


ves travelin 


cas 
Wu 


we have 


ng regions and 


1e coupl 


n 


th voltage maxima 


om 


w 


illustrates this case 


ISHEPS 


BH 
tui 


fi 


LAA MhICT! 
PP NVI: 


TSS 


tw 


Figure 5-12 


VOLTAGE RELAT 


D 
t 


Zo 


———— 


of the loo 


ELATI 


RE 


E 


iOLTAG 


\ 
» 


iE 


S 


and also the magnetic:coupling case for which resonance may occur at a 
slightly different frequency. ach resonant mode alone yields no direc- 


tivity, but if the modes are made to resonate at the same frequency with 


a 390 degree phase difference the two modes superimpose into a pure trayvel- 
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ing wave. Under these conditions the filter obeys the theory derived in 
the previous section. The difference in zesonant frequency of the two 
modes may be aade equal to zero by choosing the characteristic imnedi nce 
of the sides of the loop to he Zy = Va Doe However, tuning devices are 


usually still necessary to compensate for points of reflection that right 
otherwise destroy the orthogonality of the two modes 
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DIAGRAM Or A TRAYELING-WAVE-LOOP FILTER 


Fienure 5-12 illustrates a traveling-wave-loop filter with Zs # Za 
witu a smal] discontinuicy eisewhere in the loop. One means of tuning 
this filter to achieve a p wave circulating about the loop 


e ure traveling 

is to introduce into the loop another discontinuity of the proper phase 
and magnitude to cancel the existing discontinuity Another method ts te 
eptances, placed approximately cne-eighth wavelength 


Sc 
apart, that can be adjusted to have any positive or negative susceptance. 


In the practical case, however, the shunt suscentances far tuning the 
loop are limited to positive values. It will now be shown that three 
capacitive shunt susceptances spaced one-quart wavelength apart will tune 
any discontinvity Figure 5-14 shows a Sméth chart plot of admittance: 
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placed one-quarter wavelength apart any discontinuity may be matched. 
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resonant frequency the vaines of the shun 
Paoeettive susceptances must be increased ih sach a’ manner that the center 
susceptance is increased twice as much as the other two. If the frequency 


is changed incre than a few tenths of a percent, four susceptances spaced 


evenly around the loop are more desirable than three, since three might 
catse an unbalance in the loop that would affect the performance of the 
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directional couplers. f the susceptances are lossy, four susceptances 


will provide less increase in the insertion loss of the filter than wiil 


three. 
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of linear motions. 
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VOLTAGE RELATIONSHIP OF A DOUBLE-TUNED 
TRAVELING-WAVE-LOOP #1 


one to achieve 


a great 


1 loops 


ac 
jas 


i 


for critical 


are infinite, 


° snta 


OG 


Solving Eqs. (5-15) and (5-16) for ¢, in terms jof c, yields 
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winteh exist between the two coupling-LIactor 
values of a double-loon directional filter in order that it have maximally 
shh t 1 sari l ah ; } 
flat inserviion-loss characteristics. 
in Chanter 2 of this report an analysis was given of direct-coupled 
resonator filters A method.was presented for choosing the coupling co- 


between the directional coupling factor, ¢, between loops, and the coap- 

ling coefficient, &. The method used here to relate c and k is to compzte 
, 

the two saiural resonant frequencies of a pair of traveling-wave loops 
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frequencies 


quencies. At the upper resonant frequency the voltage E, equals Y1-¢*-7 
while at the lower resonant frequency the voltage F, equals Vie Pye 
Thus the electrical length of the coupler between the loops is decreased 
el epee 

Dy tan c/¥] — c* radians at the upper resenant frequency and increased 
by the same amount at the lower resonant frequency. Therefore. assuming 
that ¢ is inderendent of frequency in the filter pass band, the upper and 
lower = frequencies may be determined from the condition that each 
loop has an electrical length which is an integral multiple of 27 at 
resonance. The expression for the upper resonant frequency becomes 
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wavelengths, and A, and A, are the wavelengths in inches corresponding 


z 
the upper and lower resonant frequencies, respectively. The coefficient 
ig da z = 1s Vereen fa fF and low 74an fr e i 
coupling, k, is also related to the upper an ower resonant frequencies, 


and jf,, of a pair of coupled resonators. The expression is? 


£ 
Joa vit 


£ 
7 
4 


correspond to 


narrow bandwidths 


s 


Tw 


} 


ee, vines cou 


hm TU) 


ee 


Biase 


9 


x 


9-2 for’ either max 


ular 
if the pass-band edg 


a 
vv 


maximally fla 
f 


of Tehebyscheff response), } 


4 * * 
wave-loop-filter pass band, and f, and i are the edges of that pass bard 


rarracnnndaine fy tha 
SG eS pUste wet _ , eae 


£0 


i 


is the resonant frequency of a single uncoupled resonator. 


: and Fo: then 


Chad 


le-loop filter intended to 


lowing formula for the 


ally 


frequency at the pass-ban 


e is 


0 is 


HNeobtoty 
+s) 


T< 


o 


If 


unecne, LOOne -—Panhat rons 


9 


“a 


(5-22 


fee = = 
coellicients 


da becus 


PHC LONShiD 


cS 


— 


is given by 


between 


ined Lie case narrow bandwidth: 


in 


ere n is the number of wavelengths in each leop, g,; and g,,, are low- 


rototype element values that may be computed from formulas given 


flat or Tchebyscheff response, @, is t 


chesen te occur at the 3-db point in t 


or at the equal-ripple level in the ca 


the center frequency ult the traveling- 


ns 


~ 


) 


he 


in the low-pass-prototype response 


he 


sé 


eure: : Pba 2 
rae oe — int on i Ae 
7 +i n 0 hee iret 
ae ¢ g 
oe = a 
_ 
' > 
Ou 7 
- 
: 2 
: 1 oll Of at J 
, 1 ; ‘tae © ta 
t 
| 
‘¢ 
7 a 
1 ou eee 
? 
i 
ak * 
@ f _ i 
i= ‘ (im i® » 
*~ 


« ; , ¥ = y 4 ote «wie ey , 
D , ad : ~ 7 Pa qoe ea 6 
. a Ais . ‘ snthooqem= 


~ 


ee EE 


In the case of the input and output couplings, a different expression 
for c as a function of the low-puss prototype parameters is required. This 
relationship will now be derived with the aid of the loaded-Q formula givea 
am fq. (5-13). However, that rmula applies to a loop coupled to two ter- 
mMinating lines, whiie in a mul le-leop filter, the first and last loop 
are each coupled to only one terminating line. Therefore the loaded Q of 
the first and last loop (designated ae is equal to twice the loaded @ of 
2 single-loop directional filter, and is given by 
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where ¢ = Cy, OF = Cy ys, 18 the directiona! coupling factor of the first 
or last loop of an N-loop filter with respect to its terminating line, and 
l is the attenuation in wepers of cach of the loops. When the unloaded 
Orteianiiaice. anu assumed, os 
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OF = (5-25) 
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From Fig. 2-11 the shunt capacitance of the first parallel resonant section 
of the prototype bandpass filter is 
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Combining Eqs. (5-25¥ and (5-27), ene cbtains the desired relationship 
for the input coupling in terms of g, and the various critical frequencies: 
* * 
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loop and its terminating line may be cbtained in the same way. However, 
if the filter structure is symmetrical, it may be shown in the cases of 
maximally flat and Tchebyscheff response that 
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for any number cf loops. 


4. EXPERIMENTAL RESULTS 


Figure 5-4 gives experinental results obtained for a traveling-wave- 
foeeetpanal filter. tA monescomplex, fitter circuit, (Fi §-18) con- 
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HALF -WAVELENGTH-STRIP AND RELATED FILTERS 
1. ANALYSIS NEGLECTING Lixz-LENCTH VARIATION 


The filter circuits of Figs. 5-3(¢c) to Chimie bey 25-60 )yand {d), and 


5-8 are analyzed most easily by calculating the reflection and trans- 
son of the circuit for a pair of equal waves entering Arms 1 and 4 
t in phase and then 18) degrees out ef phase. For example, in the 
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in phase at the ends of the left-hand strip resonator will be transmitted 

st it with virtually ns reflection. However, because of the path-length 
difference, the pair of waves «ill arrive ai the soa te strip 180 de- 


£ phase, and will therefore excite this strip, causing reflected 


waves to emerge from Arms i and 4. Similarly, a pair of waves entering 
erms } and 4 out of phase will excite the left-hand strip, while the.trans- 
mitted waves will be in phase at the right-hand strip; and hence will not 
be affected by it. When these two cases are superimposed (with circuit 
dissipation neglected), it is found that the reflected waves out of Arm 1 
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resonance this condition hecomes reversed, and hence the directional filter 
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-db bandwidth determined from the last expression: 
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The above analysis is based upon the simplifying assumption 
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he diagonally oppesit nter frequency, the performance 
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would conform exactly to the ideal, and at frequencies far from the pass 
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to occur 

In order to determine quantitatively the effect of line-length error, 
the following formula was derived for the reflection coefficient poet 
the input arm of Fig. §-3(c). The same formula aprlies with little or no 
change to most of the other directional filter cirenits of Figs. 5-3, 5-6, 
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where @, is the electrical length between resonators on the input line, 
$, is the corresponding quantity on the coupled line, and p is the reflec- 
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tion coefficient on either line due to one strip resonator with its midpoint 
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centér frequency jot then at the apper 3-db point, 
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Substitution in Eq: (5-36) for this case yields 
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are interchanged, the input VSWR would be 1.0 
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These VSWR values are certainly low enovgh to he disregarded, and it 


ts therefore cancluded that the effect of line-length variation on input 
YSWR may be negiected for bandwidths up te at least 2 percent. Although 
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therefore to be snail cagugh to be 
the cuiput response curves of the oth: 


recvem, and Bg. (5-25) for Q, should hold with goed accuracy. 


Ee NALYSIS AND PERFORMANCE OF WAVEGUIDE 


is 


It was pointed out in section B of this chapter that directional 


filters can be constructed using waveguide components. In this section 


a number of waveguide directional filters are enuiyzed, and their measured 


performance is described. 
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constant slightly greater than unity (e.g., 1.02). 
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aperture couplin 


that theory. Circular 


In the experimental waveguide directional filter, a circular coupling 
Hole was. placed in the center of the cavity, as shorn in Fig. S21 06). Lhe 
above formula for the newer counting reduces to the following expression 
for this geometry: 
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X' = guide wavelength in circular waveguide. 
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distance, x, by r of the coupling hole must be splace 
from the centerline of the rectangular waveguide to obtain circular polari- 
zation, is given by 
(180x 2a 
tan ‘ a er (5-39) 
na? Fuses / A 
g 
where 
a@ = width of rectangular wevezuide, 
x = guide wavelength in rectangular waveguide, as above. 
= g 
The analysis of the waveguide directionai filter parallels closely 
the analysis presented in section C for the traveling-wave-locp directional 
filter. The following assumptions are made: 
{1) The coupling apertures excite a pure circulariy polarized 
me ‘ E Z 
TE,, wave in the circular waveguide and introduce no reflec- 
an 
Fo Sos Wa Bea et es ee AA, Copy een Pee bs 
ULess hi este FEC VaGAMSurar waves “ULUS 
-(2) The cavity is perfectly symmetrical abeut its axis, se thas 
the two orthogonal linearly polarized modes in the cavit 
=) 
. resonate at the same frequency. 
(3} Each arm of the filter is terminated in its characteristic 
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where cy; 1s the power coupling tactor (as detained above) of the iover 
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aperture, and c? is that of the upper aperture, h is the axial height of 
the cavity, @ is the attenuation constant in repers per unit length in 
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Putte neighborhood of resonance, and in the case of narro® bandwidth, 


NO is the value of x at resonance, and 
Reus ithe number of *thalféwavetfie.(d variavions = lane the 
; s ; 3 
axis of the cavity. : 
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pecause O01 mMuitipie retlecticns between the end walis of the cavity, the 
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waere P,» 18 ihe factor by which the reflected wave amplitude at an end 
wail is reduced because of dissipation loss on that wali. pets sans rox 
mately equal to the magnitude of the voltage reflection coefficient of the 
end wall in the absence of the aperture. Therefore, 
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where 
Z. 1s the surface impedance of the end wall in chins per square, ‘ 
KO is\the surface resistivity of the end wail in chins per 
square, and : 
5 ; : : 
Zs = 577A" /X is the wave impedance of the circular waveguide in 
£ : = 
ta chms per square. Since fi, ““ 2,, 2, may be approximated by 
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The insertion loss in db is 10 log,, (1/T), or 
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If Eq. (5-45) is combined with Eqs. (5-46) and (5-47) we obtain 
@, - @/p,.v T. However, P, is of the order of 0.9999, and lence we-may: 
relate the external Q and complete loaded @ by the following simple 


expression: 
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the above equations reduce to the follewing relationshin between Ori gs 
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cause of the tuning effect of the apertures. In the case of a circular 
waveguide cavity, h may be computed ciosely from 
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Z. o Test oF SinGgLe-Cavity WaveGurpe DIRECTIONAL 
FILTER 
A waveguide filter of the type discussed in Section E-1l has been 
constructed and tested. As shown in Fig. §-22, che cavity was built in 
two halves which are joined at the median plane to form the compicte {iiter. 
Located just below the median plane are four copper tuning screyvs, spaced 
at. SQ-degree intervais araund the periphery of the cavity. The cavity is 
made of brass and the end walis are about 0:020 inches thick. Other per- 
tinent dimensions are 
D = diameter of cavity, 1.114 inches 
d = diameter of coupiing holes, 0.414 inch 
h = height of cavity, 8.716 inch (~ = } made} 
x = distance between center of waveguide and center of 
coupiing hole, 0.243 inch. 
The response of the filter was measured using the setup.shewn in 
Fig. 5-23. The cavity was tuned for minimum YSWR in Arm 1. The measured 
insertion-loss and VSWR curves are shown in Fig. 5-24. The loaded @ of 


the cavity was computed from the center frequency and 3-db bandwidia, 
both read from the band-pass curve. 

The caupling through aperture A, was measured by two different methods, 
as 1ilustrated by the block diagrams in Fig. 5-25. In Methed (a), Both of 
the orthogonal TE,, modes were excited in the circular cavity. One of 
these modes was then eliminated by placing a resistance,card in che 
circular-tc-rectangular-waveguide transition. By rotating the transition 
with respect te the cavity, the power coupled to each made could he sampled 
separately, which made possible the measurement of both the total power 
coupling and the axia! ratio. There was, hewever, some uncertainty in 
these measurements, since attenuation of the mode with & perpendicular to 
the resistance card might have been appreciable. - In order to check this, 
another Weasurement using Method (5) of Fig. 5-25 was undertaken. Porer 
was fed from a rectangular guide through the iransition, thereby exciting 
one of the two orthogonal TE,, medes in the circular cavity, The power 
coupled in both directions inte the rectangular waveguide through the aper- 
ture A, was then measured, In both methods the ratio of the total power pass- 
ing through 4 tothe totalincident power gives the powercoupling factor oo 
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EXPERIMENTAL SETUP FOR MEASUREMENT OF FILTER RESPONSE 


As the results in the next section show, the two values of the 
ecupling factor agreed within the experimental accuracy, indicating that 


Ni 


f absorption of the desired mode in Method (a} was not 


EXPERIMENTAL PERFORMANCE OF THE 


are summarized in Tabie 5- VEGUIDE DIRE Ar, FY 
“7 AL SOC ER ES WAVEGUIDE DIRECTIONAL FILTER 
and also in Fig. §-=24 pepe asso SE el ee oil 
Wee 5 : — 
j Measured G value, 0; 249 
J 
The calculated and ex- |Resonant frequency. fo FTES a 
perimental values of external Insertion lnss (atfo ) 0.72 db 
i 
a fi Ni vena ca .s =< 
Q, Q.; compare as follows iVSbR (av 7.) bi -oastest 
Se NEMS i § H | 
| Maximum VS8R off resonance : ub aS | 
Calculated Q, at f,= 9783.5 Me : H : H 
: | Axial ratio (at fo) 1.03 
Case (1) using the measured |Dire ae y Measured Power Coupiise Factor! | 
vaiue of —1i%.3 db AD 5 Rie ect 
- s “ 
for the coupling | Methad (a) eelce-saab | 
Q, =, 2 L Method (6) {17.3.0 
Case (2) using the valve of -16.65 db for the coupling as calculated from Eq. 5-3 


Q, dete srmined from measured Q, and fT 


oO 4 
: ex ‘L 249 a: 
Measureda Q ag sae eT : 
2 VT 2.920 
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M, = magnetic polarizability of the aperture measured in the 
x-direction (transverse in the rectangular guide) 

ME — . - . . . 

M, = magnetic polarizability of the aperture measured in the 
z-direction {lengitudinal in the rectangular guide). 

For the two-slet coupling aperture shown in Fig. 5-39 

M, = the x-directed cemponent of the magnetic polarizability 
of the aperture whese long major axis lies parallel to 
the x-axis 
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For a symmetrical filter structure, the Q of each cavity must be the same, 
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finds that the output voltages of the filter can he expressed in terms of 
the normalizing parameters Oo. = A, and 0/0 = x. Neglecting common 
phase terms and letting y = 180°, the expression for E, in terms of A and 
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CHAPTER. 6 


) 47 r 7 3% om a 
fest VIBE-BAND FAYECUINE FILTERS 
: 
4 
A. INTRODUCTION 
The principal problem in designing wide-band waveguide filters is 
; Chee Oe a ieee ; : : : _ 
~ Veit Seppricssioh oi bigner-~ -order-mode responses ih Cie SuLCp band 1fis 
chapter describes two promising techniques for suppressing these higher- 
| ordar msdec Se le ‘ i 
! ercer modes. The utility of these techniques is being investigated by 
. : : : . 
applying each of them separately to the design of a waveguide filter re- 
quired by the Signal Corps. 


@ specifications of this filter are 


1 Type Band Pas 
I z {Less than 9.5 db from 7.1 to 3.6 kMc 
Insertion Loss <a) i alin atc : 
(Greater than 49 db from 14 to 26 kMc 
i : 
—- VSWR Less than 1.2 in the pass Sand 
input and Output Flanges UG-51/0 
- The size and weizht of this filter are to be as smal! as sossible and it 
a = 1 af fh Ae ES ane Le A RT Sh eS 1 peg ed 
construction should not require complicated fabrication techniques. 
i 
: gz n g 
: heisht of the guides terminating the filter less than one-half of a free 
space wavelergth at the highest operating frequency. Higher-order TE 
modes are suppressed by anging the width of the varying impedance seec- 
ticns of the filter in discrete steps in such a manner that che higher- 
Y order pass bands of one section of the filter fall within the stop hands 
ci another ction of the filter. 
. 
: = 
Refecences are listed at the end of the chapter. 
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lead to relatively compact and easy-to-fabricate structures when applied 


to the design of the filter requested by the Signal Corps. Rela adc 
simple design relations have been used in the design uf these filt in 


time. It is expected that refinements in the desi 
made atter a comparison is obtained between the theoretical and ex 
mental b ci Tare Filc ee i, 2 y rarhnianae 
me? ehavior of the filters, sothat these mode-suppression echnigues 


ae ; ' . : 
may be readily applied to a wide variety of fiiter design problems. 
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The varying-impedance ridge-waveguide filter structure illustrated 
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the. ridge-waveguide cutoff frequency is designed to be the same as that 
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cf the rectangular waveguide for vite dominant or Ue mode of Dropagatioan, 
1 rad cand e ew fs 

On the other hand, the cutoff frequency of the first higher-erder aode, 

which is the TES 6 mode , 1s higher than the upper limit of the specified 
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CATED RECTANGULAR. VAVEGUIDE FILTER WITH 
LOrs 


: 
i 1. sJHEORY 
“i An analysis and design formulas for wideband, corrugated rectangular- 
“ waveguide filters have been given by S. B. Cohn .&7 The anaiysis takes 
into account the interaction hetween the bringine fields ar, fhe twaceaas 
Bo Soca htc wirpecance reFign, ana, Shows Lal the Tiiter seer iene is eas 
pable of providing an infinite attenuation peint in the stop band. Unfor- 
tunately, pass oands occur tor the higher-order TE 9 modes whenever the 
: guide wavelength of one of these modes is greater than the cutorf guide 
wavelength of the dominant wode. This in many cases causes spurious : 
: trahsemissicn régiens to occur “in’ the desired stop band of the filter. 
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CORRUGATED WAVEGUIDE FILTER WITH LONGITUDINAL SLOTS 

Another corrugated rectangular-waveguide filter structure capabl 

Se of preventing spurious responses dve tc higher modes is shown inFie. 6-12. 

s The essential feature of this filter is a set of longitudinal slets cut 
through the transverse ridges. The effect sf these slots is to make the 
filter response dependent ca frequency rather than on the guide wavelength 
si any wodc. The tapered transitions at each end of the filter match it 

J to the input and output waveguides. 
: Acvtenuation of the higher-order TE, medes by the combination of 
aS" transverse and longitudinal slore may be easily explained by decompesing 


wt 


“ 


{ 


a ee 


a 


oe = 
a ‘ee : 


= = 


VA? AASHTO TSA ee 


a 


- 
> omni 6 —we - / ‘ 
aTcse TAMTEALIOAOS Ri 
: { J ry 
ragast [ he 
p ‘ e ia % } : ’ rings . vA 
a rin w eased } hiv govky 
tn?’ af4 Awe “Zs owIae 
f a 
' « § ra eo’ b¢ 
* aol ai Sa re vi we 
“ , f% yaw « y 
bh why 7 i faneal svae 
, : 
} 
—_—_-* 
g j 
: 
c ™ 
as ‘ 
2 
j bs 
i A ‘ 4 
= 
gre Pores 5 eam 
4 +904 off (144 4 te 
sei} de Xa wihol tarvaodee t edt 
i : arth, 4 gtyeeynen ade Cesoras 
a iy ; hd 
me 7 7 ? ‘ inane a Fad eo | a 59th 
y ait . « _ 
‘A 4% ; ia.) 7180817 i) or he | oti’ eur ote 
ba ‘a5 
Tutt ae | ‘>. tine Jeaqat o49 63 
< ’ 
J ‘ *- - -_ 
mn eal slhen-sebhgedk ad bon wipd Coarprey a! 


spraereks 
‘ay 


pis 4 a vente ety baie. bine 
t é hati 


md | Pots na 


, os 


| 


. 
© 
3 
i 


i 
‘ 
A 
; 
. 
i 
: 
i 


i 
3 
H 
i 
' 
‘ 
‘ 


i 
; 


pisemir iy 


E 
& 
& 
t 
z 
= 
= 
: 


sage TINE as aE ete oor cen, se int ars 
‘ 
| 


i 


| 


TEM waves independent of their direction of propagation, 7p 
l in terms of a free- 
le € ce the filter attenua- 
tion will depend only on the frequency of propagation and wili be inde- 
pendent of the mode o 50D ion. The corrugated waveguide filter 
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of a wavelength. 


The cross section of a ful! filter section without lon 
and its equivalent circuit are shown in Fig. 6-13.. The values of the 
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of the terminating waveguide so designed can be further improved by an 


experimental matchin, procedure. 
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: is expected, however, that the- actual reflection coefficient af each. tre 
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. Pee pibacies an tae vesien uneory whcn applied to large impedance trans- 

t formations. 

: The length of the teper so designed is 4.28 inches The heights of 
the waveguide at intervals of 6.428, inches in the tapered portions 1s 
given in Table 6-4 below Steps in the height of the taper occur at the 

=| 3nout and cuvput. 
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A scaled model of the above f 
tions were constructed in 1.872 by 0.872 inch T.D. ee so that the 
filter could be tested with availeble equipment at all 
interest. The dimensions of the scaled fi 
plying ali the dimensions in lable 6-4 a 
width of the waveguide that has in 


t has inside dimensions of 1.122 


ss ae & A sn 
by §.497 inch. The length and width of the transitions were also muiti- 
plied by a factor 1.67 Because the heights of the waveguides scale by 
a factor 1.755, it was necessary to scale the transition heights in 


t 
ance end, decreasing in a 


ee ror eae ie age : 
i@ low impedance end. The pass 


© 
nd of the scale model is 4.25 - 5.14 kMc and its stop band is &.38 - 
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a 
15.57 kMce. Natched transitions many wavelengths long were employed to 
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permit the use of a variety of input and outaut waveguide sizes and test 


equipment at frequencies for which the latter are suited in order te test 
the Filter model throughout its sperating frequency band. <A separate 
J2-inch length of filter-terminating waveguide designed to match the fil- 
ter directly, (t.¢. without the transition) was also constructed. A 
sliding load was inserted in this uniform guide for the purpese of mea- 


suring the input impecance of the filter and, thereby, its image param- 
eters in the pass band. These measurements were made through the input 
tepereu transitvzen, Mefléections from the transition were cancelled iby 
means of a slide-screw tuner between the transition and standing-wave 


adequate stop-band insertion loss 2s shown in F 


4 
higher order modes in the step band was proved by inserting asymmetric 
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b } 1 h A e) ide ste as feljiow 
Obstacies in the waveguide system, as ivilows. 


One asymmetric indu ctive diaphragm was placed in the 1.872-inches by 
U.67Z-inch ¥.D. waveguide between the filter and signal generator. where 
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DETAILS OF WAVECUIDE TRANSITION FOR FINAL FILTER MODEL 
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length of the filter assembly is 114 inches. 
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